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Abstracts / Osteoarthritis and Cartilage 21 (2013) S63–S312 S199Purpose: Articular cartilage (AC) segmentation from magnetic reso-
nance images of knee joint play a major role in quantifying morpho-
logical and physiological changes during the onset of osteoarthritis
(OA). Prior research in cartilage segmentation has shown difﬁculties to
develop fully automatic method due to heterogeneous AC signal, low
tissue contrast, uneven shape and complex behaviour. This work aims
to develop an automated AC segmentation technique utilizing
combined assessment of sodium and proton MR images acquired at
1.5T.
Methods:MR scans of human knee were performed at 1.5T using a dual
tuned knee coil (23Na/1H- tuned at 63.6 MHz for proton and 16.8 MHz
for sodium nuclei) without changing the position of knee/coil. High
resolution proton images are acquired using 3D MEDIC (TR/TE ¼37/20
ms, image resolution ¼ 0.47x0.51x1.5mm3 and 48 slices) while sodium
images are acquired using 3D Gradient Echo (TR/TE¼11.4/ 4.0 ms, image
resolution ¼ 2.81x2.81x 8mm3, and 12 slice). Sodium rich region from
the sodium MR slices are extracted using a method developed by our
group earlier. Extracted sodium region slices were re-sampled using
cubic spline interpolation followed by the normalization that was then
merged with corresponding proton slices. Results obtained from fusion
shows an enhanced cartilage region in fused slices. Cartilage region
from fused images were manually segmented by an expert. For the
automatic segmentation, the contrast of fused image was enhanced by
applying histogram equalization that adjusts the signal intensities as
the pixel intensities >250 values are excluded. Once the image is
enhanced, all the connected components in the image are selected and
property of image region as convex area is measured followed by the
detection of edges in all existing objects within the image. This results
in a single object as articular cartilage region from the fused slice. The
same procedure is repeated to segment the cartilage region from all the
slices in one dataset. Automatically segmented cartilage regions are
compared with the cartilage region obtained from the manual
segmentation performed by an expert.
Results: The results as shown in Figure 1 (a) represents a single slice of
a dataset containing proton MR images and Figure 1(b) represents
a slice of sodium MR image of knee at same location. Figure 1(c) shows
extraction of sodium region from sodium image which were then
merged with original corresponding protonMR slice as shown in Figure
1 (e). For the automatic segmentation of AC, contrast of fused images
were enhanced as shown by an example in Figure 1 (f) followed by the
exclusion of pixel intensities values >250 as shown in Figure a (g).Figure 1. Representation of steps followed to segment AC automatically using
combined assessment of proton and sodium MR images of knee: (a) Original Proton
knee Image, (b) Original sodium knee image, (c) sodium extracted region from sodium
knee MR image, (d) manually segmented articular cartilage, (e) Merged sodium and
proton image, (f) output from contrast enhancement in merged image, (g) image with
region excluding pixel intensities >250, (h) automatically segmented AC. Figure (i), (j),
(k) and (l) showing the automatic segmentation steps at higher scale.Finally, the image region as convex area is measured from the resulting
images which were then used to detect the edges on the available
objects that give a single cartilage region as segmented area as shown in
Figure 1 (h). Figure 1 (i, j, k and l) shows the visualisation of same steps
as in Figure 1 (e, f, g and h) at higher scale. An expert was asked to
manually segment the AC in fused images. Total of 126 images from 3
datasets were manually segmented as shown in Figure 1(d) that takes
approximately 3 hours 40 minutes. The results of automatic segmen-
tation of articular cartilage achieved average sensitivity and speciﬁcity
of 80.27% and 99.65% respectively.
Conclusions: In this study, AC is segmented automatically from the
combined assessment of sodium and proton MR images that shows
applicability of this method to quantify cartilage changes during the OA
progression. Sensitivity and speciﬁcity of 80.27% and 99.65% respec-
tively achieved from the comparison of automatic and manual
segmentation in this work matches to semi-automated and few auto-
mated methods reported earlier.377
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Purpose: Finite element (FE) models have been used to analyze carti-
lage deformation and kinematic changes of human knees with osteo-
arthritis. However, no studies have yet used in-vivo imaging data to
approximate material properties of the cartilage, and no research has
compared the FE output using subject-speciﬁc material properties with
in-vivo measurements of cartilage. The goals of this research are (1) to
develop a novel subject-speciﬁc FE model using in-vivo T1r and
morphological data from high-resolutionMRI; (2) to compare the tissue
deformation of cartilages and contact area in an FE model using T1r and
morphology with unloaded and loaded MR data.
Methods: One mild OA patient was scanned using a 3T GE Signa MR
Scanner with an 8-channel phased-array knee coil. The 3D FSE (CUBE)
high resolution images (0.5 mm isotropic voxel) under unloaded and
loaded conditions (50% of subject's body weight) and sagittal 3D T1r
relaxation time mapping images (MAPSS) were acquired on the index
knee. The MR CUBE images were segmented using semi-automatic
algorithm with in-house developed MATLAB-based software into ten
components including bones, cartilages, menisci, and ligaments, Figure
1. T1r maps were reconstructed by ﬁtting the T1r-weighted images
voxel by voxel to the equation: S(TSL)fexp(-TSL/T1r). Segmented
cartilage contours were transferred to the T1r maps. The subject-
speciﬁc FE model was developed using FE software LS-Dyna (LSTC) by
combining morphological data, in-vivo tissue composition, and axial
loading. The human cartilage elasticity (E) was measured using inverse
analysis with the equation: E (inMPa)¼ a (inMPa) * (1 + (0.86 s / T1r (in
s)))/3. The cartilage material property within each region was assumed
to be uniform by using the T1r value from the middle part of sub-
regions. Cartilage deformation under the assumed elasticity was
compared with MRI measured cartilage deformation.
Results: The results showed that the mean T1r value of cMFC-mid was
smaller than the cMT-mid, and therefore demonstrated higher stiffness
in the medial femoral cartilage (MFC) than in themedical tibial cartilage
(MTC). The minimum difference of cartilage deformation between the
MR measurement and FE model output was observed as elasticity
constant a equals to 3.9 MPa (Fig. 2). Higher pressure distributions and
lower maximum contact pressure were found in both femoral cartilage
and tibial cartilage with elasticity constant a equals to 3 MPa.
Conclusions: We have built for the ﬁrst time a FE model that includes
subject-speciﬁc approximation of the material property of cartilage
using in-vivo MRI (T1r), and cartilage deformation from loaded MRI
was used as a reference to optimize the transformation equation. FE
models and loaded MRI measures from more subjects are required to
conﬁrm the ﬁndings and further optimize the elasticity constant a. In
this stud, the mean T1r from the deﬁned subcompartment was used. In
the future, we may assign voxel-based in-vivo T1r values to all FE
elements, which however will bring a high computational complexity.
The FE model is a powerful tool to detect strain distribution, contact
area, and contact pressure within the articular cartilage. Novel imaging
Abstracts / Osteoarthritis and Cartilage 21 (2013) S63–S312S200techniques such as T1r MRI coupled with FE analysis may allow for
quantiﬁcation of knee joint biomechanics as well as early detection of
cartilage matrix degeneration.
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Purpose: Mouse is an optimal model organism in which gene-envi-
ronment interactions can be studied for the pathogenesis of osteoar-
thritis. The gold standard in arthritis research in mice is based on
histopathology and immunohistochemistry, which are labor intensive,
prone to sampling bias and technical variability, and limited in
throughput. This study aims to develop a new technique that assesses
mouse cartilage by integrating quantitative volumetric imaging
techniques.
Methods: A novel mouse model of osteoarthritis was generated by
cruciate ligament transection (CLT) and evaluated by histopathology
and immunohistochemistry. Knee joint samples were then imaged by
a novel technique that combines high resolution mCT and phase-
contrast optics followed by quantitative analyses. A comparative anal-
ysis was also performed on a previously established mouse model of
osteoarthritis generated by destabilization of medial meniscus (DMM).
Results: Phase contrast mCT achieved cellular resolution of chon-
drocytes and quantitative assessment of parameters such as articular
cartilage volume and surface area. In mouse models of OA generated by
either CLT or DMM, we showed that phase contrast mCT distinguished
control and OA cartilage by providing quantitative measures with high
reproducibility and minimal variability. Features of OA at the cellular or
tissue levels could also be observed in images generated by phase
contrast mCT.
Conclusions: We established an imaging technology that comprehen-
sively assessed and quantiﬁed the 2 and 3 dimensional changes of
articular cartilage. Application of this technology will facilitate the rapid
and high throughput assessment of genetic and therapeutic models of
OA in mice.Ă
379
HIGH RESOLUTION T1r MAPPING OF HUMAN KNEE CARTILAGE AT
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Purpose: Purpose of the current study was to demonstrate the feasi-
bility of a high-resolution (0.2 mm2) spin lattice relaxation time in
rotating frame (T1r) map of in vivo human knee cartilage. Currently,
T1rmapping of cartilage is performed on routine clinical MRI scanners
(1.5 and 3T) and being used to explore early molecular changes asso-
ciated with Osteoarthritis (OA). Since cartilage is a thin tissue with
a thickness of 1-6 mm, a high resolution MRI is always desirable for
better characterization of cartilage molecular integrity. However, reso-
lution of low-ﬁeld T1r maps is limited mainly due to signal-to-noise-
ratio (SNR) issue. At clinical scanners, routine T1r mapping is per-
formed with in plane resolution of w0.6 mm2. Since there is an ex-
pected increase in SNR of >2 times from 3T to 7T, this increase in SNR
can be used for obtaining higher resolution T1r mapping.
Methods: Following informed consent, four healthy volunteers (25-33
Y) underwent T1r MRI of knee at a high ﬁeld whole body 7T scanner
using a 28-channel-receiver knee coil (Quality Electrodynamics, May-
ﬁeld Village, OH). T1r pulse sequence consists of three parts, a B1 and
B0 compensated T1r prepared pulse cluster followed by a chemical shift
selective fat saturation pulse and a segmented radiofrequency spoiled
GRE readout acquisition with centric phase encoding order.
T1r imaging was performed with a spin lock pulse amplitude B1sl ¼
500 Hz and spin lock times (TSLs)¼0,10, 20, 30, 40ms, 3D-ﬂash readout
TR/TE ¼9.7/4.9 ms, ﬂip angle ¼10o, FOV¼140140 mm2, matrix size
¼448448, slice thickness ¼3 mm, number of slices ¼ 12, number of
averages ¼ 1, number of shots ¼2 and a shot TR of 5s. Phase encoding
directionwas from R->L with resolution of 50%. Scan time for one set of
T1r data (slices ¼12 and TSLs ¼5) was 10 minutes. Two sets of T1r data
were acquired, one in axial orientation for patella/trochlear cartilage
and other in coronal orientation for femur/tibia cartilage. For mini-
mizing ﬁeld inhomogeneity on cartilage, reference frequency and
voltage were set corresponding to a small shim volume covering
cartilage tissue of interest. Similarly, we acquired T1r data for the same
volunteers and with the same sequence parameters in a 3T clinical
scanner using 8-channel-receive knee coil. The T1r-weighted (T1r-W)
data corresponding to different TSLs were ﬁtted voxel-wise to mono-
exponential decay expression S(TSL) ¼ S(0)exp(-TSL/T1r) for
computing T1r values.
Results: T1r signal decays mono-exponentially with increase in TSL.
T1r values at 7T, as expected, were lower (w20%) compared to those at
3T. Despite the changes in T1 and T2 of cartilage at 7T, SNR of T1r-W
images obtained at 7T was w2 times higher compared to at 3T. High
